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SUBMARY

As a supplement to en ~nveat@atlon of the cooling character-
istics of a multioyllnder llquid-oooled engine, tests were oonducted
with two liquid-cooled oyllnders in order to isolate the effects of
the various engine aad ooole.ntvariables on cylinder temperatures
and to obtain engine-cooli~ data required for a fundamental study
of the heat-tranefer processes in llquid-cooled engines.

Cyllnder temperatures %*esoobtained for a l~ge ran@ of engine
speeds, manifold pressures, carburetor-airtemperatures, fuel-alr
ratios, epark advancee, coolant-flow rates, averuge ooolant tempera-
tures, and coolmt pruesux”eawith water and AN-E-2 ethylene glycol
and other ethylene glycol-wnt.ermixt-uresas coolants.

T& results Indicatm that tho avwago oylindm tsmpomtures
Jncreaoed neax~ lfn9a.zzlywith charge-flow rate (air plus fuel) and
Milcated horsepower, jncreafie~a relatively small saount for an
ticreat3ein carlmrotor-air temperature, ?.ncreasedrapidly at a con-
stant ch~”ge-flow rete as the fuel-air mixture was enriched to a fuel-
air ratio of 0.067 and decreased with further enriching, Increased
practically linearly with u increase In spark ad~e from 20° to
42° B.T.C. but changed less rapidly from12° to 20° B.T.C. The average
cylinder temperatures also decreased a relatively small amount for an
increase In the coolant-flowrate of most of the solutions used,
increased nearly ltieerly with an increase In the average coolant tem-
perature, and increased slightly with an increase in coolant pressure
but only at the high cylhder temperatures. In addition, the results
showed that the aversge cylinder temperatures were lower when using
water or the more aqueous ethylene glycol solutions than when using
AN-E-2 ethylene glycol.
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The numerical relations obtained between the cylinder temper-
atures and e=h of the variables investigated were dependeut upon
the values ctf the other engine and ooolent conditions under WMoh
the particular variable was investigated.

INTRODUCTION

Recent and pro~ected improvement In the power output d liquJd-
cool.edaircraft onglnos has !ntroduoedthe problem of reducjng
excessive cylinder temperatures aud has rcstlrtrulatedresearch in the
cool~ng cd’Ilquld-cuol.edengines.

An exper~mental invesLl@inn of thG cylinder temperatures
exletlng in a llqu!d-cooled en@ns h roportod In reference 1, which
pre~ents result~ fcr several coolants shuwing the effect of coolant
temperature and ccxll~,t-f’lowrate cm cylinder-head temperature.
Tests in which tha efi’oct& coolant pressm?o was alao ~nvestlgated
wer~ conducted at Wri@t Flold (Memo, Rep. ~erz No. ~G-57-523-~~~)
in 1943 cm a Continental &per TJo.1 cylind~r. Tn the tests of
reference ).tho cyliniler-hmd temperature was measurud at onlg one
lccatl(n, but lU the tests with tlm Contincntnl cyl~nder a moro
ccmplatu survey waa made. In nelthtircass, however, was the effect
of such variables us engins spewi, manifold pressura, carburetor-air
temparatura, futil-airrat~o, and spark advanctiinvestigated.

me tests report~d h~roln wars ccmducted au a supplement to an
invest.lgat.lonof the cooling clmracttiristjcsof a multlcyllndur
lflqujd-coolodengine in mdi;r to isolate the affoctg of the VSXIOUS

mglno and conlunt vmJablos cm c~linder tompwatures and to obtain
~ng.iie-coolin~data requlrod fur a StIIdyC@ tlm fundamental haat-
trnnsfer prooasses in liquid-cocled engines.

The prmmt invostlgationwas cmducted by the NACA at Clevaland,
Ohio durinC thu winter of 194.5and tlw spring of 1944 with two modi-
fl~d ~coming 0-1230 Mqujd-oouled cyl.hders. Cylinder tanperaturm
wertiobtaln~d for a ran= of englnijspetids,manifold prussuros,
carbu.retor-alrtemperat,ums, fuul-alr ratios, spark advancw, coolent-
fbw rates, avurage ccmlant temperatures, and coolant prossuros at
atmospheric uxhaust back pressme with water and AN-E-2 ethylene
glyccl and othur ethylwm glycol-wat:rmixtures as coolants.



mum Ho. E5E13 3

APmmmJs

and General Measurements
. .....

“& the test”setup ‘isshown. lnflgure 1.

Two Lyc”ding C-1230 cylinders with S&inch bores, ~-inch strokes,

~d 7.6 canprese~on ratios were used j.nthese tests. ‘Although a
4z-inch stroke Is ncmmall~ ueed with Lyccming 0-1230 cylinders, the

available crankshaft predicateda ~-inch stroke. In order to

acczxmdate the longer ~trcke, the barrel was extended by means of
an adapter. Mach cylindar was tested on a single-cylindertest
stand ‘squippedwith standard accesfloriesfor determining engine
speed and brake horsepowm and was enclosud h au asbestos-lined
bcx in ord~r to radnce heat loss to aurroun~inge other than the
c!C?ohnk . lb valve timing used with an intake-valve tappet clear-
ancs of O,(JI3Inch (cold) end au exhaust-valve tappet clearanco oi
g.Olfiinch (cold) was as i’ollcxs:

Intake valv~ opens, dcgroos B.T.C. . . . . . . . . . . . . . . 30
Intaka valve closes, dO@W6S A.13.C. . . . . . . . . . . . . . 84
Exhaust valve opuns, d~wxm B.B.C. . . . . . . . . . . . . . 41
FAaust valv~ CIUSOH, degrees A.T.C. . . . . . . . . . . . . . 67

Installation Dctaila of Cylinder A

13arrGlmodifications anl themwcau@_e~. - On the first cylinder .—. —
tostud, cylinder A, the barrul.coolm~jackat was modtiied in order
to sep&atu the h&d and the barrel cociant flows. Figure 2 Is a
diagram showing the modflicat’.~ @ the thomnocouple installation.
ThL orlginnl bar?%l cooient ~ackd was machinad to within 3/8 inch
Of the top se~lng bred. Tlw coolant-transfer passages betwuen the
h~ad and the barrel coolant Jackets wore plugged and two rows of
fcur thumocoqhs (1 to i3)wora spot-welded at 90° intervals around
tho outside of the barrel. The thermocou~le junctions wore coated
with ~evurul layers of ~ulating v[~ish and baked in ordor to

—
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reduce errors arising because of mnd.uctlon loss to the coolant.
The thermocouple leads were lnsulatti both frcuneach other and
frcm the barrel with floxible glass sleeving. The modified coolant
Jacket was then welded In position with ths thermocouple leads
traversing the $mket, ac shown In f Igure 2.

frcm the Inner wall. Thermocouples 9 to 12 were located where the
lmad and the ban 01 are ~otied and are referred to as “interme-
diate” the-couples; thmmocouples 13 to 21 were Ir&talled +.nthe
ccnubustlonchmbey proper; thermocouple 22 was lccated on the exhauet-
valve @de and thermocouple 23 In tlie top portion of the exhaust
port.

The methods used fo.?installing’ the gas-sids head thermocouples
are Illustrated In figures 3(a) and 3(b). The tkenuocouple ~unctlon
In the sclid portlcn of ‘theheed (fig. 3(a)) was peened Into the
metal at the bottcnnof a l/U-inah drilled hole. JUundn tv.bing
having two passages, one for each lmi, was then inser~ed to pre-
vent the leads from contacting Vile sides of the drilled hole. The
al’u.nduminsulators were secrret by peanlng metal Into a groove
around the Insulatms.

Figuzz 3(5) shows the methcd used when It was necessary for
tho the mucouple wires t“~cross a c>olant passage. A brass screw
plug h~id~ed the pasGage and sc;ewed into tl.eInner wall. The thermo-
ccuplo $lr.ctionwas then peened frhs the metal at the bottcm of a
l/8-inch drilled h-lo, and the 1GLX2QWn;’e~nsulated with alundum
tubing. A scallng wdler and a nut vere screwed on the ol:terend of
the sleeve t: p~ovent loa’kagepast the threads.

~oad themmc:upleiliqrld a?.de).- l?ou~thermccouplos (24 to—~. ... -.— ~ -.-—.—.
27) wore mcatod cn tihallquid-qide surface of tho mmbustion-chambcm
wall by the moth~d shown in figure 3(c). A brass screw plug was
throadelltb=ugh the coolant Jacket wall and forced into a circular
~-~cv~ in the outer surface cf the c~b~tlon-c~b~r ~lc Tho
themnocouplo wns then installed as shc~m in figure 3(3), except that
the ~unutlon was peened into the metal within 1/8 inch of the llquld
surfaco.

Installation Dotalls of Cyllndor R

The sacond cylirdar tostod, cylinder B, dlfforod frm cylin-
dur A IIItlmt tho banel Jacket and tho coolant-flow paths wur~ not
altmod . Cylinder B was test.wdbucause It wiissuspected tknt a
crack had dovolopGd in the head of cylinder A buforc ccmplotion of
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the tests and that e~at gas was leaking into the coolant eyetam.
Figure 4 Is a diagmu of cylind6r B Inolud.ingthe thezmooouple
InetallatIon. The thermooou@e installation was tbe same as that
used in cylinder A except that no thenmoouples were installed on

- ‘thebarFel’ti ‘kt four eingle’-~e=&ple& (28 to 31) were
installed 90° a-t ercrundthe head direct~v above the coolant-
transfer holes conmcti~ thu head end the barrel ooolant paesagss..

CoollllgSystame

QMnder A. - Figure 5 is a dlqpxuu of the mollng system used
with cylinder A showi~ the location & the coolant thermooouplee
and the pressure gages. The coolant flow was divided at the cyl-
inder, part going throu@ the head jaokot and the rest throu@ the
barrel ~aoket. Tho coolant-flow rate was meaeured with rotameters
that had been calibrated ovor a range of coolant temperatures for
the V:IXIOUSllquide ueed. ‘I%sInlet teuqwrdare of the coolant was
controllod by meane @ a mixing-valve-type temperature regulator.
Four thermc,muples wmo d~stributod aoross the ptpcjdiametcr of each
Inlet and outlet cool~t line, within appr.>ximatsly3 Inches of th~
en@ne, fcr neasurf.ngtho avcmage fluId tonqwratulwS. The mathod
used for installing these thermocouples IS phown In figure 3(d).
Inasmuch us each sat of four thermocoupleswas connectod in series,
the r:mdIng obtained was foum times that al?an average temperature
indication. Mach eet in the tnlet and outlet coolanb lines was also
d‘dferunt~ally connectad in order to moaeure diructly +Je tempcruturo
risu & the coolant In flowh~ through the head and the b~~cl
@ckots . Thu $znctions of U11 thu coolant thermooo~ples w..n%c~atud
with .aninsulating v~m Lsh to reilucethe possibility cd Intrcduclrig
u error, cuused bjr ulmtrolytic aotlon, in the tumpuratur.s Ind:cated.

C~.da 3. .-The coolant system used with cylinder B is shown.— -
In figuru 6. Tho system Is tho same as that used with cylhdor A
excupt that the flow was not divided at th. cylinder end both the
barrel outlot and the h~ad inlet coolant t~eratures wor~ obtained
by means of four sl.nglethemcaoaaples (28 to 31, fig. 4). Th2ee
thuzmocouples wero also USOd h conjunct~m with the barrel inlet
and thu head outlet themnopllos in order to determine the temperature
rlee of tha coolent h flowing through the barrel and th~ head
Juckots. In additlcm, the two th~rmopilos wuro differentially con-
nectud in order to masure directly the over-all temperature ris~ of
the coolunt.

-.—. — -. .— —- - . -—- —- —.
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Coclants

The oool.antsused
nominal (by volume) 70

wmre water and AN-E-2 ethylene glyool and
percent-30 percent and 30 percent-70 percent

othyleno glycol-water mixtures. The spac~=icatlon of AN-E-2 ethyleno
glycol on a weight basis is 94.5 percent ethylene 81ycol.,2.5 percent
trlethanoiamim phcwphate, and 3.CIpercent water, but for convenience
AN-E-2 c=lqlanu glycol.will be rcf’wmd to as a “nominal” (by volum)
97 pcu.-oont-3percent @ycol-twater mixture.

MlmHor6 Am TESTS

Tests Conducted

Tests wure conductdi ovar thu fallnwlng rangu of cundltlons:

Englnosptied, rpm. . . . . . . . . . . . . . . .
Manlfald pressure, finchesof’murcury absolute . .
Cerburutar-air tapuratur~~j % . . . . . . . . .
Fuel-airratlo . . . . . . . , . . . . . . . . .
Spark tiV~CG, d6@?Ut)~ ~.~.~. - . . . . . . . .

Coolant-flow rate, ycmnda pcr minute . . . . . .
Av5r~c cuclant twapGrat.i4re,0$.. . ,. , . . .

Caalant P~SSurO, POUndS psr sq~are inch abscll~to

. . . lC50-276Cl

. . . 21.0-39.0
,... . 8!)-222
. . 0.048-0.121.
. . . . . 12-42
.0. ~~op.12~a3
. . . g~.~-qllmc

. . . . . 17-75

In order to isolat~ the effect offthe unghe and the coolant
var~ablos on cylinder temperaturua, arm itam was v=i~d in each
test whll.jall ~tinas were matnt~lne~ approxtmatoQ constant. More
tasts thaa wad necmsmy to ~atablish tho offoct cf the variables
wer~ made in order to check thu r~sults as th~ tests progressed.
A surmsry of tho tusts conductod i:Jmwwntod in tablti1. Run num-
bers wo giveu for convenioncu in using large or~ina] data tables,
which mre no% Included in this rcpcmt but are avallabl.uupun request
from the Ratimal Ad.vlmmy Ccmmitt~.efcr Amcmautics.

Atm&phmlc ezkaast prt?ssur~was ma~nta.lnedthroughout thu
lnv=~ti~t!cn. A spark advance of approximately 28G B.T.C. - used
in all (f the tests except the veriablo spark-advanc~ tests and a
carburetor-air tampwaturu of apprulmatoly 80° F was used except in
tho tents in which it was thu vE&lablw. Thu carburetor-air flow wns
=intatnd. a~pr~~?~t~l~ conSt~t Ln dl d th~ tests ~~#&@ thc)s~

In whtch uithur th~ spocd cr th~,manifold pressure was vnri~d. In
mrwt @ th~ vfi~inbl.-spcudtests th~ manlfol.dpressurtiwas held con-
Stan*, which rasultud In Qlight variations d’ indtcatud monn uffective
plwssulx. In a few d’ tho vsrlabl.-spoed t~sts ccmducted with cyl-
inder D, howev~r, the manifold prussure was adjust~d to mclntaln an
anpmximat~ly cunetant indicatad mean ~ff’ect~vupressure.

.— .
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The pressure on the coolant was varied by applying canpressed
air to the top of the e~ansion tank through the vent line shown
in figures 5 and 6. A bleed valve In the vent line was used when
P yere made at atauospheriopressure. me coolant~preasure values
presented In this report are the values recorded on the outlet side
of the cylinder because that pressure was the lowest In the cylinder
coolant Jaokets.

llYiotlonhorsepower was determined at intervals throughout the
tests by motortig runs, whioh were canducted at the values cd?engine
speed, manlfold pressure, and oil tmperat ure that were maintained
during the power tests. The oil supplied to the engine was main-
tained at an approxlmatil.ycastant temperature of 160° F.

The ethylene -glycol concentrathn nf the
mined frcm tinebolllng pd.nt aixl+he sp~cIflc
taken at intu~als throL@OUt the tGsts.

Calculmt1ma

coolanta was detor-
gruvi%y of t3arlpltKl

Heat rG#GCtiOll to cc)o~szt. - The heat r~$ected to the coolant— -—..——— - —-
was obtatued frm the product & the COOIant-i’luw rate, the tempera-
tuz’erieu ap the cmlant in flow- through the cyllndar jaokots,
and the sPGC.lfic heat of the coclar.ttitthe average coolent taper-
ataru. Talues for.tho specIflc hotitsof’thu coolants wore obtained
frum rcfbrencu 2 and are plottod tn figure “1as a functicn of
temperature.

H6nd, barrel, end totai heat..re~cct~on valuus wore calculated
for cyltidor A. Only the total huat-re,loc”tion values, howover, wuru
calculated for cylinder B because of the Inaccuracy ~ the tempera-
ture lndic.atlons & tiemouplas 28 to 31.

T~poraturu avorapos. - The avorago hmd and the average barrel
COOlant tunperaiti~s wor~ taken aS the arithmetic mean of tho coolant
tOmperaturos measured at the Inlut and thG outlet coolant linaS of
the head and the barrel, rospactiv~ly. Avers@ cylinder temperatures
were detamd.ned by aver@ng all tha temperatures obtained frau tho
thommooupla~ l~ated h e-h particular portion & the cylinder.
Tho folluwlng tablu llsts the th~nm.couples uwd fcr calculatlq eaoh
of the averago cylinder tomperalnzresused hmoln. (Sooflgs. 2and 4.)

.-— —.— ___ —-.
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Average temperature Cyltider Thezzuocouples

Head (@as side) Aand B I-3-21
Head (liquid side) Aand B1 24-27 “
Barrel (liquid a~de) A2 1-8
Intormedlate B3 9-12

%hermcmouple 26 was damaged in cyllnder B.
2Berrel thermocouples were not installed In cylinder B.
%ntemodiata thermocouples were damaged in cylinder A.

For convenience the avurage head (gas-aide) temperature will
be refmred to as tbe “had” temperature and the average head
(liquid-side) temperature will be refmred to as the “llquld-sido
head” temperature. For that portion & the cylinder whero tho huad
and tho barrul arc ~oined the average temperature Is rupresontud
by the “.intemedlate” tomptiraturc.

The l.lquid-ajdehead temperaturem~ not bo representati-reof
the ontlre head becaustiof the small number of thwmocoupltis used.
Tho barrel hmnperatum should bu cunaidered @nly as roughly represen-
tat~vo al’the true averags Larrcl temp,craturobecause of possible
orrcm introduo~d by the conduction of heat from +Jlethormocmplo
~umtiona to thtiouolant.

RESULTS AND DL’3CIX38101’i

A aumary of data from cylindur A and cylinder B la pr~sentud
in tho orighal data tables (available un request).

In almost evmy test the maxlmwn observud cylinder temperatures
occuz~od at thermocouple 21 located in the cantor of the head bwtweon
the valvus and at thermocouple 5 ].ocatGdon the top portion of the
bnrrol on the exhaust d antlthrust side, TIM tecperaturos obtained
frcxnthes~ thermocouples uo tlmrefore listwi as maximum throughout
tho or.L@al data tabl~s.

I!X’feetof Engine

Cylhder

Variables on Avoragu

Tmpmnhros

Figzw Q t~ 15 show tho tifuct of thcIVUIOUS ongino variables
invostigat~d on thu average cylinda tem~oraturoa. (Thu average
cylimiur tmpcratures aro tho head und tlm barrel tomperaturus for
cylinder A and the head and the lnte~diat~ tumpwatures for cyl-
hd~r 13.)
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Indicutod harse~ower and charm-f 1ow ratu. - The tifoct of-----——- ——.—- ——— .
oharge-flow rate~lr plus fuelJ and indioated horsepower on average
cylinder tqmgmratu~os Is prmented in figure 8 frcxatusts conduotud
with cylind.urA usln.gA1’1-E-2ethylene gl.ycolas a coolant. Tho had
und barrel temperatures Inoreascd app?wxlmat~l~ 1.7° F nnd 0.7° Ff
rtiapcctZvuly, ;xm unit incrG.zaeIn indicated hars~pmor. Tkm l.inmr
vuriatkm h cylinder temperatures with indicated hOrS6p0wUr 1s
approximately thu saum, irrespeotlve of whether tho ohange was
nbtalnud by vnryjrq thu spmd or thb mmtfold pressure. Thu linear
rclaticm obtalndi botwwn thG lndicatod hurs~power and tho wei~t of
chargs-flow rate la shcwn in fi~u 9 and obvlous~. justfiies thu
double ubclssa scalv used in fi~~ 0.

-— ---- —

J
.—-.-—----—

Avur~~ t.Jm~iJrDtWO Ctigu , ‘?F
- .-—-. —- ~—-- ——

Fuel-alr-rut k Cyl lnd,m A
ch=~u (rig. 13)

=:--- “YT&

0.G4.I-Gi167
.067- .117
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~nm?k advance. - The vcxiat1m d average cyllzder temperatures
with spark advance-is shown ti f~gum 15 ~= obtalnod from tnsts con-
ductod with cylintim A. As tho spark was rwhrded frcm 42° to
20° B.T.C., the oyllndor tcmperatu?m decreased. Below this point
tho heniltemporaturos beg”a decrcaaing at a slower rate and the
bcrrol tampcrr.turGsbegan Increnslng. The rato m~ changu of the
head cnd bm?el tenqmrutur~s frm 42° to 20° B .T.C. was approxi-
mr.te~ 1.7° F ati 0.6° F, rospoctlvely, pm dqjrca chcngo in spark
advcnco.

ltff’~ctof Coolcat Vrcriabloson C~llndcr Temperatures

Coel-zt-flow rr.tu.- TaBta wore conductod with cyl+lndorA and-.. —— —.
rcpor.todwith cyltidor B Zt diffCJrJntcondItions cf hdicct ad horso-
powwr nnd ~vcra~; cGolunt twnpumt urG t,odetcnminu the offect of the
coolant-flow rnta af four dLffcn%nt cocknts on .zvor~ cyllnd{m
tempuraturcs. The rcsiiltsof thcao tusts wc shown in fl.guros16
and l-i. In all the tcst~, the cy11ndcr tcmpcratms docroaeod with
nn Jncrcaso i~.tk.ocoolcmt-flow reto; docruzm was gr=ctur at thu
low flow rr.tasthen at th..high.

Thu zvcrngc chan~es in hc.adand Intmmmdlate tompcrctures
rcmu].tIng frum a incrwso in hGcldcoolant-flow rate frcxu55 to
125 pmznda per minute and tho av~rc~G chemgo in barrel tumporaturo
rcsul.tingfrom r..incrwsu la bru’rtilcoolant-flow rctc from 15 to
45 um.nds pm minute aro tab~lutod cs follows:

Avorlg~ tomporaturu ch’~u, %
—- —.

c~~~ In (loolcnt,g]ycol-wutor,=ni
Cocl:’mt- by Vollnm.1
flow rzto 57-3 7i)-3uF-70 0-100

—— -.—
‘%ylindor A (fig. 16) .–—

Hzd 55-125 57 21 b14 13
Bnrrol 15-45 36 26 b12 8

cCylindGr B (fig. 17)
H::ad 5~-125 30 22 19 17
Intcrnwdictu 55-125 19 11 9 7

.—— —— —
‘%Lst conditions: ihy, 55; ~vmago c001ant tcmpuraturo,

195°-2010 F; coohnt prussuru: 19 lb/sq in. absolutx..
%%0 coolcnt wcs -ztur.lly38 prxrcunt-62 porccmt glycol-water.
cTost cond~tions: ihp, 47; civuregccoolant tampcrnturc,

125G F; cool.rntprcsmrw, 19 lb/sq in. absoluto.
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The data presented In figure 16 =e not directly
with those In figure 17 beoause of the dl.ffereaceain
atlng ccmdlthns under %%ioh the data were obtained.

11

cczuparable
the oper-

Average coolant tamperattie’. - The “vtilatldn of Werags oyl-
inder~emperatures with aver~—coolant temperature for four dif-
ferent coolants 1s shown h figures 18 to 21, The data were
obtained frcm tests oonducted with both cylinder A and cyllnder B
at two different conditions of tidlcated horsepower, head coolant-
flow rate, and head coolant pressure. The cylinder temperatures
Increased approximately l~nearly with the coolant temperature for
most d the coolents tested; however, sane of the head tenqyratures
increased slightly more rapidly at the hi@ coolant temperatures
than at the low temperatures.

The average than.qesin avera~ cylhder temperatures per degree
Fahrenheit chan~ in average coolant tcmrperatureas obtained from
figures 18 to 21 are presented In the fol.lowlngtable:

coolant, —— .
glyccl- b b

watur

zE?eg~H:& ~$ .~’ z~

??~i

.—— —
().66 C).C8 0.~6 0.”/9 0.75 0.71 0.85 0.85
.6a .69 .C2 .85 “’3 .71 .81 .88

‘.78 c.77 .~~ .ae C:;o C.89 .87 .go
.L17 .04 .go .96 .92 .65 ,92 .97

-—. ——. —— —.- .

%ast Conditlnns: Yhp, 5Li head ccolunt-flawruto, “10lb/rein;
coolant prmwn.ire,19 lb/sq ‘n. absolutu.

%lkst cc..ndltlans:lhp: 48; head cooknt-fluw rate, 126 lb/rein;
coolant Prmoum, 60 lb/~q in. absolute.

C1’lmcoolaat was actually 35 pertant.-62pwcunL glycol-water.

For tho sac coolant, thu head temperatures prosonted in fig-
uros 19 end 19 agreo within apgroxlmatu~v 5° F with a slightly
larger deviation (approximat~Q 11* l’)obtained with water at the
high average coolent tomperaturus. The barrel temperatures pre-
sented In figure 18, at Courso, arv not comparable with the lntm?-
med?ato tenpratures prmentod m fIguro 19.

In the comparl.mn of fi~es 20 and 21, the head tmuperatures
obtained with water differ by only 3“ Y md the data obtained with
both the ntinal 30 percent-70 percfintand the nmdnul 70 percent-
3C percent gl.ycol-watwrmtituros agree within approximately 14° F. .
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The head temperatures presented in figure 21 for AW-E-2 ethylene
glyCGl: howcwer, me from approximately 25° F to 55° F lower Iihau “
the corresponding temperatures given in fi@re 20.

The resultm shcwm in figures 18 and 19 =e not directly ccmrpa-
rab”lewith the results presented h f~gures 20 and 27 becanse the
testm frum wh~ch the results were cbtained were conducted ‘tier
diff’ei-ontoperati~ conditions.

I
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.-.

&vora@ CY1Inder twlqwratwws obtalnod with AN-E-2 ethylune gl.yool
and those obtaln6d with oaoh cf the oth~r aqueous solutions tcistotl:

. .

coolant, Averaga t~;~a~b- dj———
glycol- Cyllndur A Cyllnd.orB
water
(peroont

(fig. 16) (fig. 17)

.
70-30 ! 32125119116

cOcl.mt,
@’ycol-
watcm
(p.rc.nk
by valumo

‘CylinderA
(fig. 18)

HoadlBmrol

!lhGrolatinns shcwn in thosu and in fl~s 25 trJ 28 am rGpre-
sontattvG of all thu dcta proscntod in the orl@nal data tablus
al thou@ anly a portion of tl?odata aru plottod jn ozmh fi@ro.
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Exhaust -valve-@de end head teqerctures. - The linear rela-— -—
tions—b=w=tiieihaust --~ve-guide %~w=t%ro (thermocouple 24)
and tho head temperature of cylinders A and B are presented in flg-
ures 25 and 26~ respectively. lhe results are fLmm the same tests
fmm whl“h data om presdnted in fIgures 23 and 24. The eihaust-
valve-guide temperature is approximately 1.3°F higher than the head
temperature In cylk.der A (fig. 25) aud approximate.1.y360 F higher
in cylinder B (fig. 26). The relations ob%ined are quite consist-
ent mnsider?.ng that the temperature of the efioet-valve guide may
be effected byweari~ of the valve guide and by exlmust ges escaping
around tine valve ebem.

Llq~id-sfde head e-d head tempei’atures.- The linear variation.— ..——— — -—.-
of the liquid-a?de bend %rnperature with the head temperature is
shown ~n fignre 27 for tests conducted with oyllnder A over a wide
range of engine and ccolunt coiadltlous. The llqnld-side head tem-
perature was approximately 55° F lowor than the head temperature.
The relation Is good considertr~ that the liquid-side head tempera-
ture was determined from tb average of only l-ourthermomuples
(24to 27, fig. 2).

Figure 28 chows fiidlar dnta frcm tes%s conducted with cylln-
dor B. It wI1l be recalled K!t witlitiilscyl~nder tho liquid-side
head tem~ratufi was obt.ainodfrnm tke averag~ of only three thermo-
couples (24, 25, d 27, f~~. 4). The llql’ld-sidehead temperature
of cylltier-B (fig. 28)-
temperature.

SLMMml! cm’?msUIm

For the rcnge of conditions investigated

F lower than the head

In tests with the two
qylinders cooled wltinvuriaus aqaeous ethylene-glycol solutions, the
avmage cyllnflortemperature:

1. Increased nearly linmrlywlth charge-flow rate (air plus
fuel) and indicated horsepower.

2. Increased a relatively small amount for an increase in
carburetor-airtsmpemture.

3. Increased rapidly nt a cozstant char@-flow rate as the fuel-
alr mitiure was mriched to a f’uol-airratio of 0.067 and docroased
with further oricichhg.

4. Increased practically lhcm,rlywlth an Inorcase In spark
advance from 20° to 42° B.T.C, but changed le~s rapidly from 12° to
20° B.T.C.
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5. Deoreased a relatlvely small amcnmt for an inorease in
ooolant-flow rate for met of the solutions tested.

6. Tncroased-nemly linearly with an Inorease in the average
ooolant temperature for the solutions tested.

7. Incrsased slightly with an Inorease in ooolant pressure
but only et the high average cyl~er temperatures. “

8. Were lower wI+A water or the more aqueous ethylene-glyool
solutions than with ~-11-2 ethylene glyool.

The numerical relations obtained between the average cylinder
temperatures and each of the va-iables Irmestlgatedwere dependent
upon the valued OS the other engine and ooolant oondltlma under
w-hlchthe particular ~azziablewas investigated.

Aircraft Eogine Researoh Laboratory,
National Advisory Ccm.zuitzeefor Aercnwtics,

Cleveknd, Ohio.
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TABLE 1. - SUMMARYOF T%TS X)!4U.I13TE2WIT!+CYL13?I)ERA AWDCYIJIHTXRB

Variable “ Range of
variable

I
Mgim speed, rpm 10~u-2763

HanHold ~essure,
in. Hg absolute
Carburetor-air
tmq?erakrs, ‘F

Fuel-airratio

5parliadvance,
degreesB.T.C.

holanbf low rate,
15/min

hvirage ooolant
t~mperature,‘F

90. G311.O

J VC)lUILC

97-3
‘>lCO

97-j
0-120

97-3

97-5
G-lx
97-j

97-3

CFllxl

97-3

70-50
jL!7fl
“O-1(JCI

Coolantpressure, I 17-75
I

0-103
lb/sq in. absolute

n

duns

1-10, 5L-62 , 0$-73

12-23,L1-J19,I!+7-153

111-117, l!p-lj6

2!:-l@,?;-?7, 358-379,
3i3<H@l
177-132, 199-195, &W-&21
19’>2C5, 211-213> b36-&!&
!JL6-!L;l, L5w-47G
MO-176, 278-2tiq 319-335
83-9!4, a125-159, 33G3879
lKJ2-hC!9

CylinderB

673, 122-137, 566-38s
153-178
U+-599 W-365, 3f35-397

41-152, 20’7-220

232-2!J, 258-2n
28L-29Y, y)8-321

71+-87, 9&l.11, 398-@

179-206

“Coolantflow also varied. NationalAdvisory Committee
for Aeronautics

.—. ..
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Fi@n.e s.- Effect of charge-flow rate and indicated horsepower on average head and barrel temperatures.
cylinder A; coolant, AN-E-2 ethylene glycol; average coolant temperature, 247° F; coolant-flow rate:
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absolute; fuel-air ratiO, 0.078;
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spark advance, 28° B.T.C.; carburetor-air temperature, 800 F.
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Figure 22.- Effect of coolant pressureon”average and maximumhead temperaturesusing water
as a coolantunder various conditionsof average coolant temperatureand flow rate.
der A; enghe speed, 2200 rpm;

Cyltn-
indicated horsepo~er, 68; char e-flow rate 7.1 pounds

minute; fuel-air ratio, 0.078; spark advance, 28 B.T.C.; fcar ureter-air temperature, &F.
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NACA ARR NO. E5H13 Fig. 23

variable

2ngine speed
Manifold pressure

1-1o, 64+’3
;:-:;6147-153

Fuel-air i.atio
Coolant-flow rate 380-393
Average coolant temperature 83-9.4,SW-367
Coolant-flow rate 177-182
Average coolant temperature- ;~;-;~,, 422-420
Coolant-flow rate
Avefiagecoolant temperature 205-210, 452-458
Coolant-flow rate 325-330
Aver-e coolant temperature 154-159

97-3
97-3
97-3
97-3
97-3
70-30
70-30
38-62
38-62
0-1oo
0-1oo

Run Coolant,
glycol-water
(pfi:&: ~by
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NACA ARR No. E5H13 Fig. 24
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Variable Run

Engine speed
~~ ‘5?E##l

153-162
Manifold pressure 163-179
Fuel-air ratio
Coolant-flow rate

V Average ooolsnt temperature
D C@olant-flow rate
q AveFage coolant temperature
V Coolant-flow rate
W Average coolant temperature
h Coolant-flowrate
A Average coolant.temperature

328-349
207-220
100-192. 193-206
23Z-245-
221-231, 246-257
308-321
272-283, 2Q8-307
98-111
88-97, ”112-121

:;1:0

97-3
70-30
70-30
30-70
30-70
0-1oo
0-1oo
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NACA ARR No. E5H13 Fig. 25

510

.

n Manifold preaaure

A Coolant-flow rate
470 v Average coolant temperature

D Coolant-flow rate
d Average ooolant temperature
P Coolant-flcvi rate

4!50 W Avera~e coolrmt temperature
~ Coolant-flow rate
A Average coolant temperature
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~ 410

220

270
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230
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.,, .

120
1

----
CMITTEE F:R AERONAUTICS

1S0 $?10 230 230 S70 ~so 310 330 330 370 3(U2
Avwrago head tanperature, ~

Figure~S.- ROlatlOm between efiauat~lw-guideamlaverag.headeernperatureaunder
variousoperatingoond%tlons,o~llnderA.
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NACA ARR No. E5H13 Fig. 26

Variable

?--lnr—nl—o

Run Coolant,
glycol-watar
(p~:~; ~by

o ~gine speed 153-162 97-3
D Manifold pressure 163-178 97-3
OFuel-air ratio 328-349 0-1oo
ACcolant-flow rate 207-220 9’7-3
v Average coolant temperature 180-192, 193-206 97-3
DCoOlant-flow rate 232-245 70-30
4 Average coolant temperature 221-231s 246-257 70-30
17C001ant-flOw rate 308-321 30-70
qAverage coolant temperature ~2q+;3, 298-307 30-70
& Coolant-flow rate 0-100
4 Average coolant temperature 88-97, 112-121 0-loo
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?ISUF8 26.- Rolatim between etiaet-valve-guide end average head temperaturesunder varlats
operating om&ltime,c~lin~erh
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MACA ARR No. E5H13 Fig. 27
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140

Variable

Engine speed
Manifold pressure
,Fuel-air ratio
Coolant-flowrate
Average coolant temperature
Coolant-flowrate
Average coolant temperature
Coolant-flcurate
Avera&e coolant temperature
Coolant-flowrate
Average coolant temperature

Run

1-10, 64-73
12-23, 147-153
95-110
3a8-393
83-94. 380-387
177-182
183-162, 422-420
196-204
205-210, 452-450
325-330
154-159

* coolant,
glycol-water
(p~:ar:)by

W-3
97-3
97-3
!?7-3
97-3
70-30
70-30
38-62
38-62
0-1oo
0-1oo

A . . . . — — —

alo 230 mo 270 WJQ Slo 330. 369 S’70 Sm 410
Average head temperdmre, -

?iguro W.- Relatton betwoon average Ilquld-aldohead ad average head temperaturesIUMOF
v8rious oparatlng comditioru,o~llnderA.
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NACA ARR No. E5H13 Fig. 28

440

420

D Manifold pressure
0 Fuel-air ratio
A Coolant-flowrate

400 V ~veragecoolanttemperature 180-1.92, 193-206
b Coolant-flow rate
< Average cOOlant temperature 221-231, 246-257
V Coolant-flow rate

S20 \ Average coolant temperature 272-283, 29&-307
h Coolant-flow rate
4 Average coolant temperature 88-97, 112-121
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320-

Soo-

280:
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170 MO 210 2s0 2s0 mo 2m Slo Sm WO S’70 S20
Awerage head tamperaturc, %

Figure 29.- Relation between average liquid-sidehead and average head temperaturesunder
verlow operating cmdltions, cylinder B.
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